M assive rotator cuff tears constitute 10% to 40% of all full-thickness rotator cuff tears, and the surgical treatment is often challenging because of substantial fatty infiltration, tendon retraction, and tissue degeneration [1] [2] [3] [4] . Retear rates have ranged widely, between 17% and 94%, in recent short and mid-term studies 1, [5] [6] [7] [8] [9] [10] [11] [12] [13] , although most authors agree that surgical repair generally improves outcomes 5, 6, 8, 9, 12, [14] [15] [16] [17] . The discrepancies in reported retear rates led some surgeons to prefer reverse shoulder arthroplasty for patients with a massive rotator cuff tear. The inconsistencies in reported outcomes are likely due to the heterogeneity of tear patterns, limited cohort sizes and follow-up periods, and the scarcity of postoperative images necessary to assess tendon healing.
There is no clear consensus on the definition of massive rotator cuff tears. Cofield 18 and others 19, 20 described them as tears of >5 cm, whereas Gerber et al. 5 and others 21, 22 described them as tears involving ‡2 tendons and others confined them to tears of >2 tendons 6, 11, 14 . The tear patterns are also seldom considered, although most surgeons realize that surgical strategies and clinical outcomes depend on the geometry of the tear 13, 23 . To distinguish among different tear patterns and prescribe treatment options, one of us (P.C.) and colleagues 24 classified massive rotator cuff tears into 5 distinct combinations of torn tendons (Collin classification; Fig. 1 ), but the pertinence of this classification is yet to be confirmed in a sizeable cohort and with a long follow-up.
The purpose of this study was to retrospectively evaluate Constant-Murley scores 25 and retear rates 10 years following repair of massive posterosuperior rotator cuff tears with and without extension into the subscapularis, and to determine associations with prognostic factors (patient demographics, concomitant tears of the subscapularis, preoperative fatty infiltration, and tendon retraction). The hypotheses were that (1) surgical repair of massive posterosuperior rotator cuff tears achieves satisfactory clinical scores and repair integrity at 10 years and (2) tears with partial extension into the subscapularis tendon are associated with poorer clinical scores and retear rates than tears limited to the supraspinatus, infraspinatus, and teres minor tendons.
Materials and Methods

Study Design
W e retrospectively studied the records of all adults who had undergone surgical repair of a massive posterosuperior rotator cuff tear in 2003 performed by any of 15 surgeons at 15 centers. The patients were identified in 2014 by the surgeons who performed the operations, within the framework of a nationwide symposium on 10-year outcomes of rotator cuff repairs. For each patient, the surgeons specified demographic data and which rotator cuff tendons were torn on the basis of magnetic resonance imaging (MRI) and intraoperative findings. The inclusion criterion for the present study was, in accordance with the Collin classification 24 ( Fig. 1) , a massive posterosuperior rotator cuff tear classified as type C (complete tears of the supraspinatus and infraspinatus with a partial tear of the superior part of the subscapularis), type D (complete tears of the supraspinatus and infraspinatus), or type E (complete tears of the supraspinatus, infraspinatus, and teres minor) treated with complete surgical repair through either an open or an arthroscopic approach. The exclusion criteria were massive anterosuperior rotator cuff tears classified as type A (tears of the supraspinatus and superior part of the subscapularis) or type B (tears of the supraspinatus and entire subscapularis), partial tendon repairs, or previous surgery on the ipsilateral shoulder.
Before surgery, patients were evaluated clinically using the total Constant-Murley score 25 and radiographically using MRI to assess fatty infiltration according to the classification described by Goutallier et al. 26 and modified by Fuchs et al. 27 , tendon retraction according to the Patte classification system 28 , and the subacromial space according to the classification system of Hamada et al. 29 . All patients provided informed consent for their enrollment in this study, which was approved by the institutional review board of the national regulatory body for all 15 institutions (number 2013-A01788-37). The Collin classification of massive rotator cuff tears. Type A = tears of the supraspinatus and superior part of the subscapularis, type B = tears of the supraspinatus and entire subscapularis, type C = complete tears of the supraspinatus and infraspinatus with a partial tear of the superior part of the subscapularis, type D = complete tears of the supraspinatus and infraspinatus, and type E = complete tears of the supraspinatus, infraspinatus, and teres minor. 
Of the original cohort of 234 patients, 7 had died from causes unrelated to the shoulder surgery, 78 could not be contacted, and 19 were excluded because they had undergone a reoperation (9 of which were for a retear) before 10 years. The reoperations included 8 repairs of painful retears, 3 conversions to reverse shoulder arthroplasty (only 1 of which was in a shoulder with a retear), 5 acromioclavicular joint resections, and 3 operations to treat infection (Fig. 2) . This left a study cohort of 130 patients (88 men [68%] and 42 women), with a mean age (and standard deviation) of 56.1 ± 7.7 years (range, 26 to 79 years) at the time of the surgery, who were examined clinically ( Table I ). The cohort comprised 36 type-C tears (with a partial tear of the subscapularis), 91 type-D tears, and 3 type-E tears. Twenty-eight of the 130 patients were unable or unwilling to be evaluated radiographically, so only 102 patients (64% men) were evaluated using MRI.
Surgical Techniques
The repair was open (2 deltopectoral, 45 anterolateral, and 36 superolateral procedures) in 83 shoulders (64%) and arthroscopic in 47 shoulders (36%). Adjuvant acromioplasty was performed in 120 shoulders (92%). Biceps tenodesis or tenotomy was performed in 73 (56%) and 23 (18%) of the shoulders, respectively (Table II) 1856
screws and 20, with interference-fit anchors) and by transosseous techniques in 46 shoulders; the material was not specified for 12 shoulders. All repairs were complete at the end of the intervention.
Postoperative Rehabilitation
All centers followed the same rehabilitation protocol, with passive-motion exercises initiated on the first postoperative day and, when possible, hydrotherapy after skin healing. The arm was supported in a sling at the body (n = 34), at 20°of abduction (n = 92), or in an unspecified configuration (n = 4) for a mean of 5.8 ± 1.0 weeks (median, 6 weeks; range, 2 to 8 weeks). Active shoulder motion was allowed after a mean of 7.7 ± 4.3 weeks (median, 6 weeks; range, 1 to 32 weeks). Patients were not allowed to perform any strengthening or strenuous work for 6 months after the surgery as part of a standardized protocol. Light sports and demanding activities were allowed after 6 months.
Clinical Evaluation
This study cohort of 130 patients was evaluated clinically using the total Constant-Murley score 25 , Subjective Shoulder Value (SSV) 5, 30 , and Simple Shoulder Test (SST) 31 . The Constant-Murley score was assessed before surgery and at the time of final follow-up.
MRI Evaluation
One hundred and two patients were evaluated with MRI at the last follow-up. The MRI scans were used to assess fatty infiltration of the supraspinatus tendon according to the classification described by Goutallier et al. 26 and modified by Fuchs et al. 27 and healing of the supraspinatus tendon according to the classification described by Sugaya et al. 32 . The MRI 24 .
Fig. 3
Boxplots illustrating 10-year Constant-Murley scores for shoulders with different extents of preoperative tendon retraction. Numbers on x axis = stages according to the Patte classification 28 , horizontal line = median, top and bottom of box = third and first quartiles, top and bottom of whiskers = 95%
confidence interval, and dots = outliers.
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protocol included (1) T2-weighted fat-suppression sequences (non-proton-density-weighted) in the oblique coronal, oblique sagittal, and transverse planes, including the entire scapula, to analyze tendon healing and (2) T1-weighted sequences in the transverse and sagittal planes to analyze fatty infiltration and muscle conditions.
The MRI scans were interpreted by 3 observers-a senior radiologist, a senior surgeon, and a junior surgeon. To determine intraobserver and interobserver agreement, each observer repeated their assessments of 50 MRIs after an interval of 3 weeks. The Cohen k statistic test revealed good intraobserver agreement (k = 0.71) and moderate Boxplots illustrating 10-year Constant-Murley scores for shoulders with different stages of preoperative fatty infiltration. Numbers on x axis = grades according to the classification described by Goutallier et al. 26 and modified by Fuchs et al.
27
, horizontal line = median, top and bottom of box = third and first quartiles, top and bottom of whiskers = 95% confidence interval, and dots = outliers. 
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interobserver agreement (k = 0.56) for the Goutallier classification 26 , modified by Fuchs et al. 27 , of fatty infiltration. The k statistic test revealed good intraobserver agreement (k = 0.74) and moderate interobserver agreement (k = 0.68) for classification of tendon healing according to the Sugaya system 32 . In case of disagreement, which was most frequent between the junior and senior surgeons 33 , a consensus was reached through discussion by the observers.
Statistical Analysis
Descriptive statistics were used to summarize the data. Because of small numbers, type-E tears were regrouped with type-D tears to form a single category, thereafter termed types D1E. Sample size estimation showed that 32 shoulders per group would be required to detect a clinically relevant difference of 10 points in the total ConstantMurley score between tear types (C versus D1E), with a standard deviation of 14, an alpha of 0.05, and a power of 0.80. After assessing the normality of distributions for variables and outcomes, the Wilcoxon rank-sum test (2 groups) or Kruskal-Wallis test ( ‡3 groups) was used to compare continuous variables (Constant-Murley score, SSV, and SST) and the Fisher exact test was used to compare categorical variables (tendon repair integrity). Univariable regressions were performed to identify associations of 2 outcomes (total Constant-Murley score and retears defined by Sugaya type IV or V) with 10 variables: patient age, sex, tear type, chronicity, surgical approach, adjuvant biceps procedure, preoperative tendon retraction of the supraspinatus and the infraspinatus, and preoperative fatty infiltration of the supraspinatus and the infraspinatus. Multivariable regressions were then performed after identification of relevant variables by backward selection using the Akaike information criterion (AIC) 34 . With a sample size of 130, our regression models were deemed sufficiently powered on the basis of the recommendation of Austin and Steyerberg 35 of 10 subjects per variable. Statistical analyses were performed using R version 3.3.3 and the "rms" package. P values of <0.05 were considered significant.
Results
I
n our study cohort of 130 patients, early complications were noted in 14 shoulders (11%). These included 10 cases (8%) of stiffness (a deficit of >30°in external rotation and passive forward elevation, compared with the intact contralateral shoulder, that had persisted for >6 months after surgery), which were treated successfully by physiotherapy and/or corticosteroid injections, and 4 infections (3%), treated using local and/or oral antibiotics. It should be noted, however, that this complication rate did not account for the 19 shoulders that had subsequent surgery and were not included in the study (Fig. 2) . 
Clinical Evaluation
Clinical evaluation demonstrated an improvement in the mean total Constant-Murley score from 53.1 ± 15.9 (range, 14 to 83) preoperatively to 78.5 ± 11.3 (range, 36 to 98) at 10 years. The mean postoperative SSV was 83.4 ± 15.7 (range, 30 to 100), and the mean postoperative SST score was 10.1 ± 2.1 (range, 3 to 12). There were no significant differences between the 36 type-C tears and the 94 types-D1E tears in terms of preoperative or postoperative Constant-Murley scores or the postoperative SSV or SST score (Table III) . The KruskalWallis test revealed that the postoperative Constant-Murley score was not significantly associated with preoperative tendon retraction (Fig. 3) , preoperative fatty infiltration (Fig. 4) , or the preoperative subacromial space (p = 0.302). Univariable regression revealed that the postoperative Constant-Murley score was significantly associated only with preoperative fatty infiltration of the supraspinatus (p = 0.032). Backward selection identified 4 relevant variables (sex, tear chronicity, surgical technique, and preoperative retraction of the infraspinatus tendon), but multivariable regression revealed that the postoperative Constant-Murley score was significantly associated only with preoperative tendon retraction of the infraspinatus (p = 0.020) (Table IV) .
Imaging
Advanced imaging of the 102 shoulders with MRI revealed the repair integrity of the supraspinatus at 10 years to be Sugaya type I in 10 (10%), type II in 31 (30%), type III in 29 (28%), type IV in 12 (12%), and type V in 20 (20%). There were no significant differences in supraspinatus retear rates (Sugaya type IV or V) Preoperative fatty infiltration associated with type-C tears and types-D1E tears in the supraspinatus and infraspinatus. No significant differences were found between the 2 types.
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between the type-C tears (8 of 26, 31%) and the types-D1E tears (24 of 76, 32%) (Table V) . Univariable regression revealed that the retear rate was significantly associated with severe preoperative tendon retraction of the supraspinatus (p = 0.007) and of the infraspinatus (p = 0.016) as well as stage-2 fatty infiltration of the supraspinatus (p = 0.023), whereas backward selection identified no relevant variables and multivariable regression was therefore not performed (Table VI) . The 28 patients who were not evaluated with MRI had significantly lower 10-year Constant-Murley scores than the 102 evaluated using MRI, although the 2 groups had equivalent SSV and SST scores and net improvements in Constant-Murley scores (Table VII) .
The patterns of preoperative fatty infiltration were similar between type-C tears and types-D1E tears, except in the infraspinatus muscle, where it was more advanced (although not significantly so) in type-C tears (Fig. 5) . The 10-year Constant-Murley scores were significantly associated with postoperative repair integrity (p = 0.004) (Fig. 6 ).
Discussion
T he principal findings of this study are that, 10 years following repair of massive posterosuperior rotator cuff tears, the postoperative total Constant-Murley scores were still on average 25 points better than the preoperative scores, which exceeds the minimal clinically important difference 36 , despite an overall retear rate of 34%. Furthermore, partial concomitant tears of the subscapularis tendon were not associated with lower scores or higher retear rates. The only independent factor that compromised 10-year functional outcomes was preoperative retraction of the infraspinatus tendon. These findings therefore confirm our first hypothesis, that surgical repair of massive posterosuperior rotator cuff tears achieves satisfactory clinical scores and repair integrity at 10 years, but refute our second hypothesis, that tears with partial anterior extension (type C) are associated with poorer clinical scores and retear rates compared with tears limited to posterolateral tendons (types D1E). We had expected tears with partial anterior extension to have poorer outcomes due to compromised anterior humeral and biceps stability, but the present findings suggest that surgical repair granted sufficient long-term integrity of the subscapularis.
The average 10-year total Constant-Murley score in the present series was 78.5 ± 11.3, which compares favorably with scores reported after repairs of massive rotator cuff tears in general [7] [8] [9] 12, [37] [38] [39] . We are aware of only 2 studies in which Constant-Murley scores were reported for subgroups of posterosuperior tears in the mid-term: Bennett 40 reported a mean score of 74.0 for a subgroup of 8 patients at 3.2 years, and Godenèche et al. 13 reported a mean score of 81.6 for a subgroup of 33 patients at 3.4 years. Our analyses also revealed that the total Constant-Murley score was associated only with severe preoperative tendon retraction of the infraspinatus, and not of the supraspinatus, and was not associated with preoperative fatty infiltration of either the supraspinatus or the infraspinatus. Our findings contradict a number of recent studies that showed preoperative fatty infiltration beyond stage 1 9,13,41 or 2 42 to significantly compromise postoperative clinical scores. It is important to note, however, that unlike other studies on massive rotator cuff tears-in which considerable proportions of shoulders had fatty infiltration of stages 3 and 4-only 2% of the shoulders in our cohort had stage-3 fatty infiltration and none had stage 4. These recent studies differ considerably, however, with respect to their specific observations. Shon et al. 41 reported that 2-year outcomes of partial repair of irreparable large and massive rotator cuff tears were associated with fatty infiltration of the teres minor, but not fatty infiltration of the other rotator cuff muscles. Dwyer et al. 42 found that "major" fatty infiltration (stages 3 and 4) compromised the reparability of large and massive rotator cuff muscles. Godenèche et al. 13 reported that 3-year clinical scores following repairs of massive rotator cuff tears depend primarily on the extent of preoperative fatty infiltration. Our findings could be different because of the more chronic nature of the tears (mean time from onset to surgery of 1.8 ± 3.4 years) as well as the longer follow-up, both of which could have attenuated differences in outcomes.
The rate of retears at 10 years in the present series is 34%, which is within the range reported in the literature on massive rotator cuff tears 1, [5] [6] [7] [8] [9] [10] [11] [12] [13] . Direct comparison of results is difficult, however, because of the heterogeneity of cohorts, techniques, follow-up, and scoring systems. The total postoperative Constant-Murley scores were significantly correlated with repair integrity at 10 years (Fig. 6) . It is worth noting, however, that although retears were significantly associated with preoperative tendon retraction and fatty infiltration in univariable analysis (Table VI) , backward selection did not identify any significant associations with retears. This unexpected finding may be due to the limited size of the radiographic cohort (n = 102) and, particularly, to the relatively small number of retears observed (n = 32), although the present series represents one of the largest cohorts of massive rotator cuff tears with longterm MRI assessment. The outcomes of surgical repairs of massive rotator cuff tears have improved over the years, thanks to advances in operative techniques and materials 11, 22, 43 . The recognition that some massive tears may not be reparable, particularly in elderly patients with advanced fatty infiltration, has led some surgeons to prefer reverse shoulder arthroplasty. To our knowledge, we are the first to report longterm outcomes of surgical repair in a large sample of massive rotator cuff tears, and the satisfactory clinical and anatomic findings suggest that tendon repair should be considered, rather than other more invasive treatments, especially for young patients.
As is typical of retrospective investigations, this study has limitations related to selection and performance bias, including the large proportion of patients lost to follow-up (33%) and the exclusion of patients who had a reoperation or did not have follow-up MRI. It is worth noting, however, that the patients who did not have follow-up MRI (n = 28) had lower 10-year Constant-Murley scores than the patients who had follow-up MRI (n = 102), although their net score improvements were equivalent. Furthermore, the small number of retears observed (n = 32) may have been insufficient to perform multivariable regression analysis to identify independent predictors. Finally, the effects of the heterogeneity of the repair techniques, such as with regard to the suture techniques and anchor materials used, are difficult to evaluate because of the multicentric nature of the study.
The main strength of the present study is that it investigated structural and functional outcomes at the time of long-term follow-up after repair of massive posterosuperior rotator cuff tears. Our data therefore enabled a 10-year evaluation of repair integrity.
In conclusion, 10 years following repair of massive posterosuperior rotator cuff tears, the postoperative total Constant-Murley scores were on average 25 points better than the preoperative scores, despite an overall retear rate of 34%. Partial concomitant tears of the subscapularis tendon (type-C tears) were not associated with lower clinical scores or higher retear rates than tears limited to the supraspinatus and infraspinatus (types-D1E tears). At 10 years, the total ConstantMurley score was significantly associated with repair integrity. n 
